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A  STUDY  OF  CERTAIII  lOiTIIODS  FOR  THI^  PEEPAEATIOII 
OP  SECOIJDARY  A1.H1IE3 


IIJTRODUCTIOIT 

The  work  described  in  this  paper  is  a  study  of  methods 
for  the  preparation  of  secondary  amines  with  special  reference  to 
dipropylamine.     Dipropylamine  has  been  prepared  *  by  heating  under 

Vincent.     Jahresber.     1886,  695. 

pressure  one  part  of  propyl  iodide  and  one  and  one-half  parts  of 
alcohol  saturated  v/ith  ammonia.     This  method  gives  a  mixture  of  the 
primary,  secondary  and  tertiary  amines  which  are  very  difficult  to 
separate.     V/hile  many  physical  constants  of  dipropylamine  have  been 
determined,  no  record  of  any  other  method  of  preparation  is  to  be 
found  in  the  literature. 

V/hereas  the  method  of  Kopp  ,  *  modified  by  ITorris  and 

*  Xopp.     3er.     8,     621  (1875) 

Zimberly,*  in  which  the  nitrosodialkylaniline  has  been  applied  with 
good  results  in  the  case  of  the  dimethyl  and  diethyl  compounds, 

*  Norrisand  Eimberly.    Am.  Chem.  J.  20,     60  (1898) 

this  reaction  has  never  been  studied  with  the  nitroso-dipropylanil- 
ine. 

The  most  favorable  temperature  for  the  preparation  of 
diethylaniline  from  aniline  hydrobromide  and  ethyl  alcohol  is  about 
150^.      ;/ith  propyl  alcohol,  on  the  other  hand,  under  the  same  con- 
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ditions  the  chief  product  is  the  monopropylaniline .     It  was  found 
that  a  temperature  of  200°  gives  the  hest  yield  of  dipropylaniline . 

The  method  of  Kopp  furnishes  a  yield  of  90fo  and  75'^  in 
the  case  of  dimethyl  and  diethyl  anilines  respectively.  Inasmuch 
as  it  appears  that  the  yield  falls  off  the  higher  the  molecular 
weight  of  the  alkyl  radical,   it  was  to  he  expected  a  priori  that 
the  dipropylamine  would  shov/  a  still  further  diminished  yield. 
This  was  actually  found  to  he  the  case,  the  maximum  yield  ohtainahl 
amounting  to  about  40^.     The  presence  of  alcohol  during  the  decom- 
position of  the  nitroso-dipropylaniline  with  caustic  soda  increased 
the  yield  to  about  50%, 

The  action  of  propyl  bromide  upon  propylamine .which  in 
turn  had  been  prepared  from  butyramide ,  was  also  studied.     In  this 
reaction,  a  mixture  of  the  secondary  and  tertiary  bases  was  obtain- 
ed, the  amounts  of  which  ?;ere  in  the  ratio  of  approximately  four  to 
one . 

V/.  Llarckv/ald      has  accomplished  the  synthesis  of  second- 
ary amines  by  the  use  of  p-toluene  sulphamide  in  connection  with 
alkyl  bromides.     Unfortunately  this  investigator  did  not  study  the 
reaction  where  the  higher  alkyl  halides  might  be  involved.     It  was 
found  that  the  action  of  propyl  bromide  upon  the  sulphamide  in  the 
presence  of  sodium  hydroxide  v;ent  no  further  than  the  formation  of 
the  mono-alkylated  sulphamide.     Similar  differences  in  the  reactivi 
ty  of  the  lower  and  higher  alkyl  halides  have  been  observed  in 
various  other  reactions. 


*  Marckv/ald.     3er.     31,  3261  (1898) 
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In  order  to  substantiate  the  view  that  the  molecular 
wei^t  of  the  alkyl  radicals  in  the  substituted  aniline  plays  an 
important  role  in  determining  the  yield  of  secondary  aliphatic 
base,  it  was  decided  to  study  the  behavior  of  nitroso-methyl-ethyl- 
aniline  towards  sodium  hydroxide.     It  was  found  that  the  yield  of 
methyl-ethylamine  was  of  the  same  order  as  obtained  in  the  cases 
of  the  dimethyl  and  diethyl  compounds.    Hence,  we  may  conclude  that 
this  deficiency  in  the  yield  of  the  higher  secondary  amines  is  in 
some  way  connected  with  the  molecular  weight  of  the  alkyl  radicals. 
Either  the  nitrogen  in  the  case  of  hi^er  compounds  is  split  off 
from  the  benzene  nucleus  with  more  difficulty,  or  else  because  of 
the  slighter  volatility  of  the  base  there  is  a  greater  chance  for 
side  reactions  to  take  place. 


EXPERBIEITTAL 
D ip ropy Ian i 1 ine 


Twenty  grams  of  freshly  distilled  aniline  were  treated 
wilh  50  grams  of  48  per  cent  hydrobromic  acid.    After  cooling, 
the  hydrohromide  was  filtered  by  suction  and  dried.     The  yield 
was  practically  quantitative. 

Two  tubes  containing  18.5  grams  of  the  aniline  hydrobro- 
mide  prepared  above  and  15.7  grams  of  propyl  alcohol  were  sealed 
and  heated  in  a  bomb  furnace  for  twelve  hours  at  a  temperature  of 
135°-150°.    When  the  tubes  were  removed  from  the  furnace  after 
cooling,  a  layer  of  propyl  alcohol  remained  on  top  of  the  heavier 
liquid,  thereby  showing  th^t  the  reaction  had  not  been  complete. 
The  contents  of  the  tubes  were  dissolved  in  water  and  made  alkaline 
with  sodium  hydroxide.     The  insoluble  layer  of  anilines  which  formed 
upon  the  addition  of  caustic  soda  was  separated,  dried  over  potass- 
ium hydroxide,  and  then  distilled.     The  distillate  coming  over  up 
to  214°  consisted  largely  of  aniline  which  had  not  reacted.  The 
portion  boiling  between  214°-£30°  was  collected  separately.  When 
E30°  was  reached,  the  entire  product  had  distilled.     Propyl  aniline 
boils  at  222°  and  the  dipropylaniline  at  239°.     This  clearly  showed 
that  the  monopropylaniline  had  been  formed.    A  yield  of  75  per  cent 
of  the  mono  compound  was  obtained. 

A  number  of  similar  reactions  were  carried  out  in  order 
to  ascertain  the  best  temperature  required  to  yield  a  maximum  amount 
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of  dipropylaniline.    As  the  temperature  was  gradually  increased 
up  to  200°,  a  correspondingly  larger  yield  of  dipropylaniline  ims 
obtained  and  a  smaller  amount  of  monopropylaniline  formed.  The 
yield  of  the  dipropylaniline  at  190^-200°  was  ah out  75  per  cent. 
At  this  temperature,  however,  the  bombs  frequently  exploded,  there- 
fore, it  was  deemed  inexpedient  to  raise  the  temperature  beyond 
200°.    At  this  temperature,  the  layer  of  propyl  alcohol,  which  had 
remained  unchanged  when  the  reactions  were  run  at  lower  temperature, 
had  entirely  disappeared. 

The  tabulation  of  the  results  obtained  at  the  various 
temperatures  illustrates  very  clearly  the  effect  of  increasing  the 
temperature  up  to  200°. 

Aniline       Propyl       Temp.      Time       Yield  of  Mono    Yield  of  Dipro- 
Hydrobro-    Alcohol                   Hours      Grams         ^  pyl 
mide- Grams    Grams  Grams  fo 


37 

31.4 

135-150° 

14 

EE 

76 

Uone 

11  one 

101 

94.2 

140-150° 

14 

64 

7& 

ITone 

Uone 

37 

31.4 

170-180° 

12 

8 

29 

22 

60 

37 

31.4 

180-190° 

12 

6 

17-1/2 

27.5 

72.5 

37 

31.4 

190-200° 

12 

6 

17-1/2 

28 

75 

Dipropylaniline  was  further  prepared  by  the  action  of 
propyl  bromide  upon  aniline,  the  monopropylaniline  being  first 
isolated.    Monopropylaniline  so  obtained,  together  with  the  portion 
obtained  in  the  bomb  reactions  was  converted  by  the  further  action 
of  propyl  bromide  into  the  dipropyl  derivative. 
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Propyl  Bromide 
C  Hg  C  H2  C  Br 

The  propyl  bromide  used  in  the  following  work  was  pre- 
pared from  propyl  alcohol,  sulphuric  acid  and  potassium  bromide. 
This  method  proved  to  be  a  very  efficient  as  well  as  rapid  one. 

One  hundred  grams  of  propyl  alcohol  were  added  slowly 
with  shaking  and  cooling  to  a  flask  containing  400  grams  of  con- 
centrated sulphuric  acid.    17hen  thoroughly  cooled,  300  grams  of 
ice  were  added  and  cooled  again.     The  flask  was  then  connected  with 
a  condenser  and  the  mixture  rapidly  distilled  over  a  wire  gauze. 
When  the  bromide  had  distilled  over,  the  product  was  separated  from 
the  water,  washed  with  water,  then  with  a  solution  of  sodium  car- 
bonate, and  again  with  water.     The  propyl  bromide  was  then  dried 
over  calcium  chloride  and  distilled.     The  yield  of  bromide  boiling 
at  68°-74°  is  65-70  per  cent  of  the  theoretical. 


Dipropylaniline  from  Alkylation  of  Aniline 

Eighty- two  grams  of  aniline  were  re fluxed  with  137  grams 
of  propyl  bromide.     Soon  after  heat  was  applied,  yellow  crystals 
of  propylaniline  hydrobromide  appeared,  and  at  the  end  of  four  or 
five  hours  the  entire  mass  had  solidified.     The  product  was  then 
dissolved  in  water,  made  alkaline  with  IlaOH,  and  the  layer  of 
propyl  aniline  which  formed  by  addition  of  caustic  soda  was  separat- 
ed.    This  was  then  dried  over  potassium  hydroxide  and  distilled, 
the  yield  of  propyl  aniline  amounting  to  about  75  per  cent. 

Seventy-five  grams  of  the  propylaniline  were  refluxed  with 
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75  grams  of  propyl  iDromide  for  five  hours.     The  inass  did  not  solidi- 
fy as  was  the  ease  in  preparing  the  mono  compound,  but  it  did  he- 
come  very  viscous  at  the  end  of  this  time.     The  substance  was  then 
treated  as  was  the  monopropylaniline  hydrohromide.    Upon  distilla- 
tion, a  yield  of  72  per  cent  of  the  dipropylaniline  boiling  at 
233°-242°  uncorrected  was  obtained. 

Several  preparations  were  made  by  refluxing  82  grams  of 
aniline  with  137  grams  of  propyl  bromide  until  the  mass  solidified, 
then  this  product  was  treated  as  before  except  that  the  monopropyl- 
aniline was  not  distilled  to  obtain  it  in  the  pure  state.  This 
substance  was  then  refluxed  with  137  grams  of  propyl  bromide  for 
five  hours.     The  yield  of  dipropylaniline  after  rectification  was 
75-77  per  cent  of  the  theoretical  (B.P.  2330-242°).     The  greater 
portion  distilled  at  236°-237°  uncorrected  or  239.6-240.6  corrected. 

The  dipropylaniline  obtained  by  the  methods  described 
above  was  tested  for  the  presence  o f  monopropylaniline  by  adding 
an  excess  of  acetic  anhydride.    Ho  noticeable  heat  effect  was  ob- 
served thus  indicating  that  the  dipropyl  was  comparatively  free  from 
the  mono  compound. 


Dipropylamine 


Pifty  grams  of  dipropylaniline  were  dissolved  in  53  cc. 

HCl  fl.l9)  and  300  cc.  water.    When  the  mixture  was  thoroughly 
cooled  200  grams  of  ice  were  added.     After  the  mixture  had  reached 
a  temperature  of  0^,  a  solution  of  21  grams  llalJOo  in  80  cc.  water 
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was  added  slowly  wiiii  stirring  and  then  allowed  to  stand  for  an 
hour.     The  solution  of  nitroso  dipropylaniline  was  transferred  to 
a  3  liter  flask  containing  a  liter  of  water  and  50  grams  of  sodium 
hydroxide  dissolved  in  150  cc.  water.     The  mixture  was  then  distill- 
ed, the  distillate  "being  collected  in  hydrochloric  acid.     This  acid 
solution  of  dipropylammonium  chloride  was  evaporated  to  dryness  on 
the  water  "bath.     The  residue  was  very  dark  in  color  and  smelled 
strongly  of  nitrosophenol.     Fifty  grams  of  potassium  hydroxide  in 
50  cc.  water  were  added  to  the  residue  to  liberate  the  free  base. 
Dipropylamine  is  not  very  soluble  in  water  but  the  coloration  from 
the  impurities  which  had  distilled  over  made  the  separation  of  the 
free  amine  impossible.     It  was  necessary,  therefore,  to  redistil 
the  amine  with  steam,  the  product  being  collected  in  HCl  and  treat- 
ed as  before.     When  the  dry  salt  was  decomposed  with  caustic  potash,, 
it  was  possible  to  separate  the  amine  from  the  water.     The  dipropyl- 
amine still  containing  many  impurities  was  dried  over  KOE  and  di- 
stilled.    The  yield  of  the  dipropylamine  f B. P. 1090-115° )  after  recti 
fication  -/as  4  grams.    Pure  dipropylamine  boils  at  109°-110°. 

An  attempt  was  made  to  isolate  the  nitrosodipropylaniline 
as  follows : 

Thirty-five  grams  of  dipropylaniline  v;ere  added  to  350 
grams  of  ice  and  100  cc.  HCl  (1.19).    A  solution  of  15  grams  sodium 
nitrite  in  50  cc.  water  was  slowly  added  to  this  mixture  with 
stirring.     The  solution  was  then  placed  in  an  ice  box  over  ni^t. 

No  nitroso-dipropylaniline  crystallized  from  the  solution. 
The  dimethyl  and  diethyl  compounds  may  be  obtained  under  similar 
conditions.     This  shov/s  that  the  dipropyl  compound  is  more  soluble. 

In  further  preparations  the  following  proportions  of  re- 
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agents  were  used: 

(  35  grams  diethylaniline 
( 

(150  cc.  water 

(120  cc.  concentrated  hydrochloric  acid  (1.19) 
( 

(100  grams  ice 

(  16  grams  sodium  nitrite 
(  80  cc.  v/ater 

(  70  grams  sodium  hydroxide 
(210  cc.  water 

The  nitroso-dipropylaniline  was  prepared  in  the  usual 
manner.     After  adding  the  solution  of  caustic  soda,  the  product 
was  distilled  in  a  current  of  steam.     The  distillation  \ms  carried 
to  a  point  where  the  oily  impurities  predominated.     The  salt  ob- 
tained by  evaporation  of  the  distillate  collected  in  hydrochloric 
acid  was  placed  in  a  distilling  bulb  and  the  free  base  liberated  by 
adding  twice  the  theoretical  amount  of  caustic  potash  in  a  1:1 
solution  by  means  of  a  separatory  funnel.     The  bulb  was  heated  by 
an  oil  bath,  the  temperature  being  raised  to  135°  which  v/as  suffic- 
ient to  distil  over  practically  all  of  the  dipropylamine .     V/hen  the 
temperature  was  raised  above  135°  the  distillate  consisted  largely 
of  the  regenerated  aniline.     The  crude  amine  was  dried  over  KOE 
until  free  from  water  and  distilled.     The  maximum  yield  obtained  in 
any  run  was  40  per  cent  of  the  theoretical. 

The  method  was  still  further  modified  by  adding  80  cc. 
alcohol  to  the  caustic  solution  for  decomposing  the  nitroso  compound. 
It  v/as  then  refluxed  a  fev;  hours  before  distilling.     The  salt  ob- 
tained by  this  method  v/as  decomposed  by  adding  and  mixing  thoroughly 
twice  the  theoretical  amount  of  finely  ground  potassium  hydroxide 
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and  distilling  on  an  oil  "bath  as  lief  ore.  By  applying  these  modi- 
fications a  maximum  yield  of  51  per  cent  was  obtained. 


Six  hundred  and  eighty  grams  of  Eahlhaum's  commercial 
methylaniline  were  steam  distilled,  separated  from  the  water,  dried 
over  potassium  hydroxide  and  distilled.     585  grams  of  the  pure 


of  the  commercial  product. 

The  585  grams  of  methylaniline  thus  obtained  were  ethyl- 
ated  "by  refluxing  for  eight  hours  with  750  grams  of  ethyl  bromide. 
Upon  cooling  and  allowing  to  stand  for  three  hours  the  entire  mass 
solidified.  The  solid  methylethylaniline  hydrobromide  was  dissolv- 
ed in  water,  made  alkaline  with  sodium  hydroxide,  dried  over  potass- 
ium hydroxide,  and  then  distilled.  Yield  620  grams  or  85  per  cent 
of  the  theoretical  f 3.P. 201°-204° ) 


Methylethylaniline 
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methylaniline  boiling  at  192^-195°  were  obtained,  or  85  per  cent 


Me  t hy le  thy lam  ine 


(110  grams  methylethylaniline 
(1000  grams  ice 

(480  cc.  hydrochloric  acid  (1.19) 
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64  grams  sodium  nitrite 
330  CO.  water 

280  grams  of  sodium  hydroxide 
840  CO.  water 

The  nitroso  derivative  of  methylethylaniline  was  prepared 
in  the  customary  manner  using  the  proportions  shown  above,  except 
that  the  hydrochloric  acid  was  added  to  the  ice  and  aniline  instead 
of  using  water.    Using  a  large  quantity  of  ice  gives  a  temperature 
more  suitable  for  making  the  nitroso  derivative.    After  the  sodium 
nitrite  solution  was  added  and  the  solution  had  stood  for  an  hour, 
the  nitroso  compound  had  crystallized  out.    More  water  was  then 
added  to  get  it  back  into  solution.    The  nitroso  compound  was  de- 
composed by  the  action  of  caustic  soda,  the  free  amine  being  colled 
ed  in  hydrochloric  acid,  and  the  solution  evaporated  to  dryness. 
The  methylethylammonium  chloride  was  placed  in  a  distilling  bulb, 
the  free  base  liberated  by  adding  an  excess  (twice  the  theory)  of 
concentrated  potassium  hydroxide  solution.    The  receiver  for  the 
free  base  was  kept  in  ice  on  account  of  the  low  boiling  point  of  the 
amine.     The  620  grams  of  methylethylaniline  yielded  206  grams  of 
free  base  after  rectification  which  is  about  76  $  of  the  theory, 
(B.  P.  32^-33°),    The  methylethylamine  was  kept  in  sealed  flasks 
as  it  is  very  volatile. 

Butyramide 

CH3  CHg  CHg  CONHg 

This  amide  was  prepared  in  two  different  ways  with  almost 
equally  good  results  in  each  case. 

One  hundred  ten  grams  of  Kahlbaum's  technical  butyric  acid 
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were  warmed  to  40^-50°  on  the  water  iDath.  in  a  porcelain  dish.  One 
hundred  grams  of  finely  pov/dered  ammonium  carbonate  were  slowly 
added  to  the  acid  until  a  test  portion  upon  dilution  reacted  alka- 
line.    The  mass  was  then  warmed  at  90°  until  a  test  portion  reacted 
acid  to  litmus.     The  solution  while  yet  warm  was  put  into  tubes 
previously  heated  and  then  sealed.     The  ammonium  salt  thus  formed 
was  heated  for  five  hours  at  220^-230    in  a  bomb  furnace.  Upon 
cooling  the  tubes,  the  amide  crystallized.     The  amide  was  distilled 
and  collected  between  200°-225°,  the  major  portion  distilling  at 
214°-217°.     Several  runs  gave  an  average  yield  of  7  5  per  cent  of 
the  theoretical. 

Four  hundred  grams  of  the  ethyl  ester  of  butyric  acid  were 
placed  in  a  three  liter  flask  with  1200  grams  of  ammonia  fsp.gr.  .90) 
and  allowed  to  stand  several  days  with  occasional  shaking  until  the 
solution  was  homogeneous.     It  was  then  evaporated  on  the  water  bath 
to  remove  the  water  and  ammonia.     The  yield  of  butyramide  on  distil- 
lation was  75  per  cent. 

Propyl  Amine 
CHg  CHg  CHg  UHg 
This  amine  was  prepared  by  Hofmann*s  *  method  as  modified 

*  A.  Hofmann.     Ber.  15,  762  (1882) 

by  Hoogev/erff  and  Van  Dorp  *  for  making  primary  amines, 

*  Hoogewerff  and  Van  Dorp.  Rec.Trav.Chim,  Pays-Bas.  6,  373  (1887) 


Eighty  grams  bromine  (27  cc.)  dissolved  in  132  grams  of 


I 
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potassium  hydroxide  in  530  grams  water  and  an  equivalent  amount  of 
ice  were  added  to  43  grams  of  "butyramide  in  a  3  liter  flask.  The 
mixture  was  then  distilled  at  once  in  a  current  of  steam.  The 
yellowish  solution  soon  "became  colorless  after  heating.     The  distil- 
late was  collected  in  hydrochloric  acid  and  the  solution  evaporated 
to  dryness.     The  salt  was  placed  in  a  distilling  "bulb  connected 
with  a  condenser.     Twice  the  theoretical  amount  of  potassium  hy- 
droxide in  a  1:1  solution  was  slovi^ly  added  through  a  separatory 
funnel  while  the  bulb  was  being  heated  on  the  water  bath.  The 
yield  of  propyl  amine  v/as  60  per  cent  (B.P.49°).     The  yield  is  less- 
ened when  the  molecular  wei^Tht  of  the  alkyl  radical  increases  due 
to  the  formation  of  a  nitrile. 

Preparation  of  Dipropylamine  by  the  Action  of  Propyl  Bromide 
Upon  Propyl  Amine 

One  hundred  and  thirty-seven  grams  of  propyl  bromide  were 
cooled  in  a  flask  and  67  grams  of  propyl  amine  were  added  slowly 
through  the  top  of  a  condenser.     There  was  no  apparent  reaction, 
but  as  soon  as  heat  was  applied  it  became  violent  and  it  was  neces- 
sary to  cool  with  ice.     The  contents  of  the  flask  soon  became  a 
white  solid  mass.     The  contents  of  the  flask  were  refluxed  for  an 
hour  after  the  violence  of  the  reaction  had  ceased.     The  mass  was 
then  dissolved  in  water,  100  grams  potassium  hydroxide  in  100  cc. 
water  added,  and  the  insoluble  dipropylamine  separated  from  the 
water.     It  was  then  dried  over  caustic  potash  and  distilled.  The 
following  fractions  were  taken: 

-  90°  -  4  grams 
90°     -1250  -  70  grams 
125°  -150°  -  16  grams 


The  yield  of  dipropylamine  after  rectification  was  about 
60  per  cent  in  all  three  cases  f B.P.106°-11E° ) 

Dipropylamine  "by  the  Sulphonamide  Method 

Para-toluene  Sulphonamide  was  prepared  by  the  method  de- 
scribed in  IJoyes'  Organic  Chemistry,  page  259. 

Seventeen  grams  of  the  sulphonamide  prepared  above,  10 
grams  of  sodium  hydroxide  in  a  40  per  cent  solution,  84.6  grams 
propyl  bromide  was  refluxed  twelve  hours  on  a  steam  bath.     Uo  re- 
action had  apparently  taken  place, so  the  contents  of  the  flask  were 
transferred  to  a  pressure  bottle  and  heated  several  hours  more  on 
the  steam  bath.    After  continued  heating,  small  quantities  of  sod- 
ium bromide  appeared  in  the  flask.     The  alcohol  v/as  evaporated  off 
and  the  oily  residue  which  remained  taken  up  in  water.     The  oil 
could  not  be  crystallized.     The  oil  v^as  then  separated  from  the 
water,  five  times  its  weight  of  70  per  cent  sulphuric  acid  added 
and  refluxed  for  several  hours  to  decompose  the  alkylated  sulphon- 
amide.    When  the  contents  of  the  flask  were  neutralized  with  sodium 
hydroxide,  only  a  faint  odor  of  the  dipropyl  amine  was  noticeable. 

The  theoretical  amount  of  sodium  hydroxide  to  use  in  the 
above  reaction  is  8-1/2  grams.     In  the  second  run  this  amount  v/as 
used.     Half  this  quantity  was  added  together  with  the  other  sub- 
stances in  the  pressure  flask  fno  previous  refluxing  was  done)  and 
heated  until  the  contents  were  neutral,  then  the  remainder  of  the 
alkali  was  added.     If  the  reaction  goes  to  completion,  it  should  be- 
come neutral  after  the  second  addition  of  alkali  and  further  heating 
However,  it  did  not  become  neutral.     The  treatment  hereafter  was  the 
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same  as  in  the  previous  run,  but  it  likewise  yielded  only  suffic 
ient  dipropylamine  to  give  a  slight  odor. 


